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f'nrcse.--The fact that brilliant. shifting auium we accompanied by 
magnetic storms renders it practically certain that they, and presum- 
ably therefore all auroras, are due to electric discharges: aiid thc furthvr 
fact that they vary in  frequency with the sunspot period indicates that 
this ciineiit either comes from or is induced by the sun. For some 
time it waa thought probable that aurom are caused by negative 
particlw shot off from the BUII and entra ped by the magnetic field of 
the earth. (Jn the other hand. VegardI ku given strong arguments in 
favor of the CI particle which is prwcitively eharged, and Wrmer' hup 
found at least one case that required the p i t i v e  charge to awount for 
the observed magnetir dkturbance. 

The evidence, then, while not conclusive, indicates that aumma 
:ue due to strearnfl of o particlee in the upper atmosphere ahot off by 
radioactive substances in the sun.* 

the sun. W e  may assume that at such times great jets or streams of 
electrified mutter (electrons perhaps), akin to cathode rays in  a vacuum, 
are projected with high velocities outward. and that occaaioiiolly some 
of these jets cross the earth's orbit or p m  near to it, Leiiig when leaving 
thesuii inu general radial direction, bent backward. for obviousremom 

That electrified miitter in a vacuum does move in jets or streams for 
indefinite distances is a fundamental fact. Afoving charges of the 
same irame in paths. dtraight or curved. act like parallel currents and 
attract one another. the more as their velocity is greater, iuiitil the 
static repulsion of w r h  like charges sets a limit to further approach. 
It is possible that the space uroiiud the siin may be crossed by many 
such jetn or stream of electrified matter moving at very high velocities 
into the vdcuous space. The coroiial atreamerR may be the visible 
composite effccta of the projected jet#. Such electrified jets may act 
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3. In some rare auroraa the vertical streamers x e  closely limited to B 
narrow belt of latitude; sometima only 2 or 3 degrees, or even less. in 
width north and south, while the east and west extent of the narrnw 
belt may be very grerrt. 

4. In widespread aumm the belt of \-erticrl streamem n7.y wwer 
grwt extents of latitude am1 extend mt aud wwt unlimited rlistitnces. 
This appem to have been the case in the recent great aumra of .\ngrist 
26, 1916.* 
5. The curvature of the so-called auroral arch is an optical eiTect of 

perspective, slightly added to by the curvature of the earth. The 
appearance of folded curt,ains of streamem is a similar effect of super- 
position and pens .ctive when the act.ive band or zone covers many 
degrees in latitug. It is probable that the lower ends of auroral 
streamers have about the same height in the earth's atmosphere;. a 
layer from which they stream upward to heights which vary i:i dif- 
ferent displays or even in the same display. This layer probably 
exists a t  a height of about 50 miles and conducts laterally or hori- 
zontally, thus dist,ributing the elemicity discharged from it into the 
streamers. 

6. The convergence of long streamers toward the zenith 8eeu in t,he 
T t e r  auroras is purely an optical effect of perspective, the st,reamers 

in- vertical. 
7. %he so-called zenith crown iR in reality due to bundlps of stream- 

ers, nearly vertical but seen on end. They appear as patches of 
shifting light in or near the zenith, sometimes surrounded by appar- 
ently converging streamers from the north, east, and west. and ewn 
from the south: converging in appearance only. 

8. The convergence of streamers is of the same nature as the con- 
vergence of straight parallel railway t.rarks in the dist.ancc, or better, 
the a parent convergence t o ~ d  the sun of t,he sunbeams seen in 
dust-&ien air, when the sun itself is obscured by :I. smzll irregular 
cloud, or is back of a broken mass of clouds. * * * 

I t  can readily be seen that the reco nition of the wrt,ical relation uf 
streamers t,o the earth's surface and %e nearly constant level of t,heir 
lower ends nimplifies t o  a ,mat extent the study of auroras, pwticularly 
the determination of the totd height resched by them c*urvatiire of 
the earth being allowed for. The effect of this curvature will be lesa 
the higher in altitude the auroral arch, or the nearer it is to being over- 
head. The stremere are often observed to rise From the arch 1irst ns 
short streamers, gradually developing and ertendin upward until 
their upper ends are a fev degrees from the zenith. I d e n  they origin- 
ate in an arch which is of low altitude and extend nearly to the zenith, 
as they appear to do in the greater displays, their length milst be hun- 
dreds of miles. P s i b l p  in some inst.ances reaching one thousand or 
more. It woul appear t.hat no limit can be Ret for their pw!sible 
height. In most auroras, however, the visible extent of t,he streamers 
is more limited. A lor-dtitude a-woral arch implia great. distance 
north from the observer and for a given actual ~treanier longth 3 levs 
apparent height or 1engt.h. Paulsen'a clam of auroraa without, stream- 
em may mean either that the Htreamers are too ehort and too inanv to 
be noted separately. or that t.lie electrification is too feeble for their 
development. t.he observed luminous glow bein due to flow of currelit 
in the coiiduct,ing layer it.self. an arch i'orminp %orizontally, but with- 
out outward projwtion. 

If our amumptions art' approximately correct the arch of itti aurmi. 
i f  located fart.her north than about NJO m i h  from au observer, will be 
below his horizon. but. ths streamem entendiug upward from it. i f  long 
tmou h may he ween. Auroras Ear north of this will pmbably be iu-  
visibfe or be seen merely as a luminous glow well down on the northern 
horizon. '#hen the breadth in latitude of the auroral zoue ie p u t  and 
the display i s  eeeii from the south, the streameiw may overlap or be 
arranged in apparent ciwtains or folds, the lower endB of the streamers 
being in that case a t  varying apparent altitudes above the northern 
horizon even when in the same general line of view. In auch caw 
they may be superposed in the line of sight and therefore be composite. 
or increased in apparent. length owing to imperfect. supeqwsitioti in 
t,heir lengths with respect. to thow back or front of them. It. is believed 
that these and like considerations will suffice for the t-xplanation of 
obwrved appearauces of aurom in spite of their great. \.orirty. 

March aurora :cttracted much attention because it coiu- 
cided with nu air raid upon London. "The northern 
ylcy was lighted u with a crimson 4ow both before a.nd 

A magnetic storm of 110 ge: t t  clurnt.ion, but rcry coii- 
siderable nmplitude, wus recorded w.t thu Eskdalemuir, 
Kew, and Agincourt (Ontario) 0l)sormtories mi the night. 
of March '7-8, 1918. It 1)egan m-hh * A sudden c.mimenr?cl- 
ment' at  $,out 911. 1Om. p. tn., ou March 7. The largest' 
m0vement.s occurred in trlie cnrl nioniiiig of blwch S 
between 1 mid 6 a. m., hut. sinal 9 er osoill:it.ions peisisted 
for some t,itne dt.er the 1:i t.t.er tinur. 

In the United Stakes the mrliest. mro id  ol)servatmiou 
reported WII.S Oh. t>he Sth, G. M. 'l'.. 1 lit! c1ispl:Lp nppeuriiig 
at  twilight at  a number of plarcs. The ni:i.simuni phase, 
t h t  is, the gre:i.test l)riIlianc:! of the ;tiiror:t wtw rcwdied 
generally hetwren 311. 3 0 1 ~ .  riiirl 311. Win. a. 111. (G. M. T.) ; 
for hours, tiowewr, the disphy wcis eswptionul. The 
end of the :iurora occurred gerier:ill.v between 4h. 3Om. 
mid 511. it. m. ((3. M. T.), t.hoi.ig11 n revival way seeii a t  
some sixtictiis between 7 mid 8 :i. 111. (0. M. T). It. is 
erident t,litit the t~.urorii w:is ~ ~ i i i r l ~ l t ! i i t  w i t h  the mujor 
features ( i f  the acc:omp:iii?..ing iiiag1ic.t iu stwtn? Since t.he 
greatest. mnglle tis tiis t 11r5ii I I  c p q  r wr,l1 rrrd 1 v tween 1 
and 5 :I. ni. (G. M. T.) (7 t.o 11 1). ~n., !lOth meridian 
time), ol)aervors in North Ainwicii RNC t 1ic mwt li!cc,!y 
to sce the uiirum. 

"It is possible thilt t , l ie  di3tiirl>:aii<:e WIS :i rcpetitioii 
tiftcr tlirec 37-day intervnls 0 t!ie Inrgr? magnetic. stormi 
of December 1G-li, 1917. Tlicre w s  a very coiisidertible 
disturhice OII .Tu:iuitry 12 at the end of the first 37-day 
iiitervn.1 and n niinor distmhiice n.t. the end of the inter- 
medint,e int,ervrd in E'c.hru:iry." ' The brilliant, piirblp 
crinisoii aurora ohserved April 5 (with lesser ones April 
4 itnd 6, in New IIt~veii, Coiin., mid elsewhere) seems to 
have ma.rked the last, int,enw, pcriodir: recumciice. Siiicr 
the s-nodic rotat.ion period of the sun is about 87 days, 
it seenis thnt 011 five suocessive presentations of n par- 
tic:ularl\- ii(:t.ive urea on the sun, the ecirth received an 
~inusud uaiiti t.7; of msgnet icnllr disturbing emxiiat.ious. 

iiimi ty coticerning the time, uolors, aud brilliance of this 
:iiiror;i among widely scat.terct1 01)sei'~ers, there is an 
dniost endless amount of differing detail iu the descrip- 
t.ioiis of t,he appearance, brilliance, iiiovenitm Ls, and 
changes in the positions of important. fact,ois of t;ic dis- 
pliij-. In the nature of the ca.sc, sitice thcs dourls of 
electrons ;Lrrivin from the sun could not. be honiogeiieous 
the aurora must fl e sbrcvi!i.r or spotted in rtlinmvt.er. This 
may account for the iiiustict s;?rllc.hroi~isni of the tiiiies 
of tirighter display, partrt.ioulaa.lv  lie ni tlsimum p~iwe, 
between 9:30 and 10 1). m. (90th meridian t.ime.). How 
:t given bright port,ion will h l i  must dopeiid la@\- 011 
the 1ocut.ion of the o!,sclrvi.r. Since t,he dtit.udr! of the 
a.urora is generally lnore thm 90 km., prirt.icwl.rir fc?*itures 
of displa:,. Li.)i!X Iw Aa~.~ ; . , *  : i i  tiic ci.iiiic Linic froiii widely 
stqmrated locidit,ie.3.* The nctiiul locution of the tturorai 
is t hus  the limiting fac-t.i)r ill the distance to which it can 
he seen: and the clwriie<s of the air determines its 
risibility within the possihb limits. 

during the raid, w R ich stmted sliort-rv nft,er 11 p. 

I;'viir.r'ti. I ~~~ear.ci,?.c.r,.--~hilc. bliere is a general uua- 
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7 01iul.1~ions rroiii Natum, Mar. 14, 191& !I. .j!. {Repr. In Rlenv, Apr. 12, 191s. p .  
:lRI. I 

3 Tliv closeness of the iuterrelrrtion betwwn thls aurora and the magnetic s trm is well 
I~rc~ughl oiit bv a coni arisou of the descriptions thit follow with Dr D Chree's article 
.'Msgu?tle Ptbrrn. ol%darch 7-8 and August 15-16, 1918, a h  their diirmssion.'J Proe: 
Ilop. Yo:., Scr. A. vol. 96, pp. 33-55, Aug;. 1. 1019. * 1:i. I... 1 , o w i i i d :  A T r e ~ t i e o n  hfeteorolo v N. Y lS99editi011, pp. 173-201. Thisis 
\.pi! iwiiplc-t: illustrate!i deswiptisii ut 1h8aurori: 
Set. ~ 1 4 1 1  c'l. .\l,liPsarticlc' "lltitiirln 01 the aiirora d i o w  the rurth's surbw:"Tvrr 
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